Introduction
Farm incomes, especially in terms of distribution or equity, have always been one of the major concerns of agricultural policy makers (OECD, 1998) . In several developed countries, market support measures such as import and export tariffs and quotas have raised national prices above world market prices and, due to reduced transmission of world market prices in domestic markets, led to high and stable incomes (OECD, 2009) . With the liberalisation of agricultural markets, income support of agricultural policies shifted from market to direct farm-level support systems. In European agriculture, direct payments are currently the primary policy measure to maintain incomes at high or at least acceptable levels. Besides the income level, the stabilisation of farm revenues is also a central goal of agricultural policies in Europe (Tyner et al., 2005) . Concerns about increasing farm income volatility, due to e.g. market liberalisation and climate change, have induced a wide range of research and have led the European Commission to assess possible risk management tools for farmers (e.g. Meuwissen et al., 1999; OECD, 2000; EC, 2001; Cafiero et al., 2007; Meuwissen et al., 2008; Bielza Diaz-Caneja et al., 2008; Reynaud, 2009; Phélippé-Guinvarc'h and Cordier, 2010; Meuwissen et al., 2011) including, for instance, yield and revenue insurances as well as future and option contract markets.
While several risk management tools are available for farmers in countries such as the USA (e.g. yield and revenue insurance, whole-farm income insurance, and area index insurance), Australia (stabilisation account), Canada (single risk insurance, yield and area index insurance, stabilisation account) and Brazil (combined insurance, yield insurance and area index insurance) 1 , such tools are available to European farmers to a much lower extent. For instance, whole-farm income insurance and area yield or area revenue insurance do not exist in Europe, and future and option markets are minimally developed. In contrast, single-risk insurances such as hail insurance are widespread across the European countries. Some countries also have combined-risk insurance schemes (e.g. France, Italy, Spain), securing against different kinds of weather risk events, while yield insurances are far less developed (see Bielza Diaz-Caneja et al., 2008 for details). However, increasing climatic and market risks as well as policy reforms (e.g. changes in the direct payments system) increased the demand for new insurance schemes that cover more than single risks in European agriculture. For instance, the European Union has proposed an income stabilisation tool to compensate farmers against income drops below a certain level, which might occur after the 2013 CAP reforms (EC, 2011; Meuwissen et al., 2011) .
However, before proposing specific risk-management strategies, an important question should first be addressed empirically: what types of risk management strategies are needed? Information on the perils faced by farmers is of major interest (Wolf et al., 2009) , as the risk-reducing effects of different possible risk management instruments, among other things, depends on the extent of risk coming from yields and prices. Furthermore, input costs may also vary and thus affect net revenues of crop producers.
Based on this background, the goal of this paper is to assess the main sources of business risk 2 for Swiss crop producers. To this end we decompose the observed income risk for Swiss crop producers in price, yield and cost risk focusing on wheat, barley, corn, rapeseed, sugar beet, and potatoes. Swiss crop production is used a case study because risk management tools are hardly developed yet, but 1. yield insurance: multi-peril insurance where the main important risks are comprised (including e.g. drought); revenue insurance: covers yield and price risks for a single product ; whole-farm income insurance: a combination of revenue insurance policies for various crops and/or livestock in the farm as well as products with directly cover the total revenue of the farm; area index insurance: area yield insurance or area income insurance where indemnities are computed from the decrease on the average yields or income in an area; stabilization account: individual bank accounts for self-insurance but which are publicly regulated or promoted; single risk insurance: hail or hail and fire insurance, or one single peril for livestock; combined insurance: a combination of several risks protection. More detailed information on available risk management instruments of different countries are provided by Bielza Diaz-Caneja et al. (2008) . 2 According to Unterschultz (2000) business risk arises from production risk, input price risk and output price risk.
will be of increasing importance in the future. First, increasing liberalisation of Swiss agricultural markets is expected to increase market risks, e.g. by increasing output and input price variability (e.g. Finger, 2012c) 3 . Second, climate change and particularly the higher frequency of climatic extreme events increases the production risks in Swiss crop production (e.g. Torriani et al., 2007a , b, Lehmann, 2011 . Recognising these significant potential changes in the risks Swiss crop producer face, the Swiss farmers` Union initiated discussions on the introduction of insurances against weather and market based risks (SBV, 2011) .While future policy and climate conditions may change, the empirical analysis presented in this paper provides important information for stakeholders and policy makers in the development process of sufficient risk management strategies. Moreover, these results can help agricultural policy makers to develop the potential directions of support for farmers with regard to risk management. For instance, revenue insurances may focus on gross or net revenues. To clarify which type of insurance is most appropriate for Swiss crop production, we explicitly address the role of volatile cost levels for net revenue variability.
A second aim of this study is to explore differences in risk profiles across crops and farms. More specifically, we investigate the relevance of different risk sources across crops. Furthermore, we investigate the influence of farm characteristics on risk profiles. The results of these analyses are not only relevant for the development of possible risk management instruments under current policy and climate conditions, but also provide important information on factors that affect risk and can be used for further risk assessments (e.g. if policy conditions change). Non-parametrical group comparisons and regression analysis are used to test differences in farm characteristics for the different crops considered. The specific characteristics of farms that face either high yield risks or price risks, as examined in this study, are expected to indicate target groups for possible risk management tools. This classification will facilitate the tailoring of risk management instruments toward the need of farmers. The classification of farms according to major risk sources as presented in this paper has not been previously considered, and represents a first empirical step toward improved risk management instruments in crop production.
Background on crop production and risk management in Swiss agriculture
Even though Swiss agriculture is grassland-based in hilly and mountainous regions, crop production is an important activity in particular in the Swiss Plateau region. Wheat is the most important crop, covering 32% of the arable land, followed by corn with 23.4% (73% used as silage), barley with 11%, rapeseed with 8%, sugar beet with 7% and potatoes with 4% (FSO, 2011).
Within the last two decades, Swiss agricultural policy shifted from market to direct payment support, and Swiss farmers are currently subsidised with direct payments of about 2.7 billion Swiss Francs (FOAG, 2010) . The Swiss direct payment system divides support payments into general and ecological direct payments. To be eligible for general direct payments, farmers have to comply with baseline criteria regarding environmental and animal-friendly production (cross-compliance approach). In contrast, the application for ecological direct payments is voluntary for Swiss farmers (for more details see Mann, 2003; El Benni and Lehmann, 2010) .
In crop production, the most important ecological direct payment program is the Extenso program. In this program, the use of fungicides, plant growth regulators, insecticides and chemical-synthetic stimulators of natural resistance is not allowed (FOAG, 2008; see Finger, 2010, for details) . The Extenso program covers all cereals (except corn) as well as rapeseed and is available for all farmers without any regional restrictions. Its obligations are, however, on top of the cross-compliance requirements that farmers have to fulfil to receive general direct payments . Crops produced under the requirements of the Extenso program cover more than 50% of the area under cereal production, and are thus a fundamental aspect of Swiss crop production. We expect that Extenso and conventional (i.e. non-Extenso) producers face different types of risk. For instance, conventional producers can cope better with environmental threats to crops (e.g. pest pressure) and yield risk is thus expected to be lower. However, Extenso producers rely to a much smaller extent on agricultural inputs and are thus expected to face lower risks from volatile input prices. Along these lines, we investigated Extenso and conventional wheat and barley production separately throughout our analysis 4 .
Beside direct payments, the production of oil seeds, grain legumes, fibre crops, potato seed, corn and fodder plants are supported by arable payments. With these payments, policy makers aim to enrich crop rotation and increase self-sufficiency in crop production .
Swiss hail insurance provides different types of insurances to crop producers. The by far most important insurance scheme covers hail damage as well as elemental damage (e.g. from storm, floods and landslides). This insurance is available at the farm-or crop-specific level (see e.g. Finger and Lehmann, 2012, for details) . In a current pilot phase, multiple-peril insurance is now available to certain cantons (federal states of Switzerland). This insurance scheme extends the risk covered by hail insurance by also including risk from drought and heavy rainfalls. No explicit market-based price risk management tools are yet available to Swiss crop producers. However, Switzerland is in negotiations with the European Union with the aim of further liberalising the agricultural market via a bilateral trade agreement. This raises concerns over decreasing incomes and increased income volatility due to an increase in price volatility. In addition, the Swiss government is currently working on a proposal that puts further emphasis on the targeting and tailoring of the Swiss direct payments system (FOAG, 2009) . With the next policy reform cycle for the period 2014-2017, parts of the current farm-level support are scheduled to be transferred from general direct payments to ecological direct payments. The change to less intensive production techniques may change the production risk farmers face (Schläpfer et al., 2002; Gardebroek, 2010; Meuwissen et al., 2011) . Altogether, these changes may lead to an increasing interest in risk management instruments, including improved strategies against price volatility.
Data and Method

Measuring sources of net revenue variability at farm level
Our analysis is based on the assumption that growing a crop is a single-period investment where farmers will not change the fixed resource base as a result of a single year`s decision to produce a crop. Hence, the relevant measure of net returns is gross margins minus variable costs (Mumey et al., 1992; Burton and Claassen, 1993) . To assess the contribution of different components on the observed total variance of net revenues, data from the Swiss farm accountancy network (FADN) are used. These data include per hectare crop yields, prices and costs at the farm-level. We consider the main crops produced in Switzerland, namely wheat, corn, barley, rapeseed, sugar beet and potatoes.
Total per hectare costs are the sum of fertiliser, seed and pesticide costs, all expressed in monetary values. Note that neither information on the quantities of input use, nor on per hectare machinery and labour costs are available. Hence, per hectare net revenues nr of crop i at farm j in year t are defined as the product of prices p and yields q minus the costs c for fertiliser, seed and pesticides:
The variability of net revenues is measured by its variance over time at the farm level. More precisely, we assess the variance of net revenues for each single farm operation and crop considered over five years between 2005 and 2009. This relatively short time period was chosen to increase the number of available observations (i.e. the number of farms with continuous records). This was necessary because the FADN data is an unbalanced data set and recorded farm operations change over time. We thus had to balance the number of farms to be represented by our analysis and the number of observations available per farm. Our choice led to estimates of farm-level risks for a large number of farms (see below), allowing us to test for differences across crops and farms as well as to draw conclusions for Swiss crop production at large. Furthermore, by using a five-year period, we reduce the effects of possible trends or structural breaks within the single variables of interest. More specifically, the period chosen ensures that our observations on input and output prices as well as crop yields do not show characteristic trends or breaks, but rather fluctuate about a common mean. This is due to the fact that no structural changes in the boundary conditions (e.g. with respect to agricultural policy) took place in this period (see El Benni and Lehmann, 2010 , for an overview). For this reason, our choice to focus on the period 2005-2009 implies that no changes in expected values as well as variances of the considered variables are expected in this period. Note that even though crop prices in other countries increased significantly in 2008 leading to structural breaks, changes in crop prices in Switzerland showed only relatively small price peaks. This is due to the fact that Swiss agricultural markets face rather strong levels of protection, making domestic markets less sensitive to developments in international markets (e.g. Finger and El Benni, 2012) .
In our analysis, we have chosen those farms that recorded acreage of the specific crop in at least three of the five years considered. In addition, wheat-and barley-producing farms were separated into those with conventional and those with Extenso production, as outlined above. For instance, this led to a total amount of 4238 wheat records across all years, of which 1600 (38%) coming from conventional and 2638 (62%) from farms producing according to the Extenso program requirements. These observations represent 395 different farm operations for conventional production and 659 different farm operations for Extenso production (for details on other crops see Table 1 ).
We use a commonly applied variance decomposition approach to disentangle the effects of different income components (i.e. yields, prices 5 and costs) on farms' net revenues of the considered crops for each farm 6 . To decompose net revenue variance at farm level into specific contributors, we account for the fact that net revenues consist of products and sums of correlated variables (Equation 1). Following Goodman (1960) , Burt and Finley (1968) , and Bohrnstedt and Goldberger (1969) we have chosen the following strategy to decompose net revenue variance for each crop at the farm level:
where gr represents gross revenue and its expected value is defined as [ ] = + ( , ) (Burt and Finley, 1968) . Var(.) and cov(.) denote variances and covariances respectively, and and are the expected values of price and quantity. Following Bohrnstedt and 5 Note that crop prices in Switzerland usually do not change within a year. To illustrate this, we give an example for the price index for cereals, which was constant from December 2010 till July 2011, but increased by 3% in August 2011 were it remained till January 2012 (SBV, 2013).Thus, there is variability of crop prices across years, but not within a year. Accordingly, usually also no storage of the harvest for purposes of speculation does take place. Focussing on the use of a single crop price per year and farm thus leads to unbiased estimates for crop price distributions. 6 Recent applications of variance decomposition in agriculture can also be found in Schmit et al. (2001) , Chang et al. (2007) , Wolf et al. (2009) , Kimura et al. (2010) , and El .
Goldberger (1969), we assumed that third and higher moments are not relevant for variances of net revenues, i.e. only first-order interaction terms are considered. Thus, the decomposition approach presented in Equation 2 is only an approximation. To test if this approximation is sufficient to represent net revenue variability in Swiss crop production, we compared the estimates of the net revenue variance derived by Equation 2 with the observed net revenue variance using Wilcoxon rank sum tests. If no significant differences are indicated, the non-inclusion of some possible (second order) interaction terms is sufficient.
The first line of Equation 2 depicts the direct effects of prices p and yields q as well as the costs for seed, fertiliser, and pesticides on the variance of net revenues. The second line depicts the first-order interaction effects between prices and yields and between gross revenues and the single cost components respectively. The first-order interaction effects between seed, fertiliser, and pesticide costs are shown in the third line. Finally, the last line includes the terms of the variance decomposition of the product of price and quantity, which are expected to be unimportant (Burt and Finley, 1968) .
For interpretation of our results, we follow Burt and Finley (1968) and normalise the direct and firstorder interaction effects by dividing the corresponding terms of Equation 2 by the sum of all direct effects. Thus, the direct effects of prices, yields and costs sum to 100, and increasing variance of either component increases net revenue variability. In contrast, the interaction effects can be of either sign. Volatilities in different components of the net revenue may offset each other and positive correlation may amplify net revenue variability. For instance, positive covariances between yield and price lead to higher net revenue variability. In contrast, a positive covariance between a cost and revenue component implies a decrease in this variance. To additionally investigate gross revenue variability, we conducted the above-described procedure without taking costs into account.
Characterisation of farms being more exposed to either price or yield risk
In order to analyse which type of farm could require either price or yield risk management instruments, we conducted non-parametrical group comparisons as well as logistic regression analyses. For the group comparisons, Mann-Whitney tests were used. Based on the results of the variance decomposition, group 1 includes farms for which net revenue variability is mainly dependent on price variability, i.e. those farms facing higher-than-average price and lower-than-average yield risk. Group 2 is formed by farms for which net revenue variability is mainly dependent on yield risk, i.e. farms facing higher-than-average yield and lower-than-average price risk. These groups are then compared based on their farm characteristics, including farm size and production intensity measures as well as yield, prices and revenues. Explanatory variables and associated hypotheses are discussed below. To investigate the joint impact of a set of explanatory variables on the farms' classification, we use binary logistic regressions in addition to group comparisons.
There is little economic theory suggesting hypotheses as to why farms are either more exposed to yield or more exposed to price risk. In addition, no empirical investigation on this question has been conducted so far in Switzerland. Thus, our analysis has a highly explorative character, and the following hypotheses are far less clear-cut but rather represent assumptions and expectations on differences in price and yield risk exposure.
First, we expected that environmental influences differ across space and thus lead to heterogeneous spatial patterns of crop yield variability (e.g. Lehmann, 2011) . Thus, the farms' location may partially explain whether farms suffer mainly from production or price risk. To test the hypothesis that location matters, we introduce a dummy variable into the analysis describing the canton in which the farm is located. The number of cantons in which the specific crops considered are produced range from 11 (for potato) to 17 (for Extenso wheat production). To test whether the canton significantly affects the kind of farm risk (i.e. whether the farm faces higher yield or higher price risk) we test for the factor canton as a whole and not for the different cantons separately.
Second, we expect that production intensities have an influence on dominant sources of risk. We use expenses for fertiliser and pesticides as a proxy for production intensity. Furthermore, the farm's crop yield level is used as a proxy variable for production intensity. We expect that lower production intensities can be associated with higher production risks because farms have lower capacities to cope with volatile environmental conditions (e.g. Gardebroek et al., 2010) . Thus, price risks are expected to be of lower relevance for farms with low input use compared to yield risk.
Third, we expect that the (crop) quality strategy of the crop producer has an influence on the classification. For instance, wheat production in Switzerland involves a wide range of quality levels from fodder to first-class baking wheat. The effect on the question of whether price risk or yield risk dominates when farms produce high quality crops is ambiguous. High quality crop production may enable production in a niche that faces little competition and little price variability 7 . However, the production of low quality crops can also imply lower price risks because fodder production may face less variable demand and prices than crops for human nutrition. Because quality information is not included in the FADN data, we use the price level as a proxy. Thus, we assume that if a producer receives a higher price, he delivered a higher quality of the same crop.
Fourth, we expect that on-farm risk smoothing has an influence on farm classification. Using the example of wheat production in Kansas, Marra and Schurle (1994) showed that farms with a larger area under a certain crop face lower production risks, which has been also found for Swiss crop production by Finger (2012a) . This relationship is based on the fact that larger acreages of a specific crop involve usually more locations. Because yield variabilities at these different locations are not identical (e.g. due to different soil and weather conditions), but yields are still correlated with each other, aggregating over different locations reduces total (i.e. farm-level) yield variability. Table 1 shows the descriptive statistics of the variables used for the variance decomposition. Note that all analyses presented are based on calculations for each farm individually, but averages and interquartile ranges (in brackets) over all farms are presented in Table 1 . Wilcoxon rank sum tests show that there are significant differences between conventional and Extenso wheat and barley production with respect to yields, prices, costs, and cost composition (see Table 1 ). The first two columns of Table 1 show that the yields of Extenso barley and Extenso wheat production are significantly lower than of conventional production. As expected, lower levels of input use lead to lower yield levels. While Extenso wheat can be sold at significantly higher prices than conventionally produced wheat (prices are 13.5% higher), only low price differences (even if significant) can be observed for barley production. This is due to the fact that Extenso-produced baking wheat is distributed in separate marketing channels by a private organisation (IP Suisse), which is not the case for fodder crops such as barley (there is no malting barley production in Switzerland). On average, gross revenues of Extenso wheat are about 20% lower than for conventional wheat. Farms producing barley according to the requirements of the Extenso program even generate 26% lower gross revenues compared to those producing conventionally. Seed costs of Extenso varieties are about 10% higher than for conventional varieties; pesticide costs and fertiliser costs, however, are markedly lower. Altogether, higher prices and lower fertiliser and pesticide costs almost compensate Extenso wheat producers for foregone profits (due to lower yields) and higher seed costs, and net revenues are only slightly lower in Extenso wheat production. In contrast, net revenues of Extenso barley production are about 24% less compared to conventional production, and savings in costs cannot compensate lower yields and higher seed prices. Note that Extenso producers receive an ecological direct payment of 400 CHF/ha (see Finger and El Benni, 2013, for details) . Thus, Extenso production is, on average, more profitable for both crops if this direct payment is taken into account. Table 1 shows, furthermore, that gross and net revenues are highest for root crops (i.e. potatoes and sugar beets), even though input costs are significantly higher than in cereal production. However, because machinery and labour costs (which are higher for potatoes and sugar beets) are not taken into account, these results must be interpreted with caution. CHF: Swiss Francs; ha: hectare; dt: deci tons; values in bold show significant differences between conventional and Extenso production, at least at the 5% level; interquartile ranges (differences in the mean values between farms) are given in square brackets. Figure 1 shows the distribution (across farms) of the coefficients of variation of net and gross revenue as well as for yields and prices for the eight considered crops. In general, all distributions of coefficients of variation are skewed to the right, showing that some farmers face very high risk compared to the median farmer. For some farms, we even find that the standard deviation exceeds the mean revenues, leading to coefficients of variation above 100%. Net revenue risk is significantly higher than gross revenue risk for all of the crops considered (comparing Figures 1a and b) .
Results
Revenue composition of Swiss crop production
Revenue risk in Swiss crop production
As shown in Figures 1a and b , the median coefficients of variation of gross revenues are located between 0.15 (conventional wheat) and 0.21 (Extenso barley). In contrast, the median coefficients of variation of net revenues range from 0.19 (sugar beets) to 0.33 (rapeseed). The difference between gross and net revenue risk is lowest for sugar beet production, where net revenue variability is 1.22fold higher than gross revenue variability. The difference is highest for rapeseed production, where net revenue variability is 1.60-fold higher than gross revenue variability. Figures 1c and d show median coefficients of variation of yields ranging between 0.10 (conventional wheat) and 0.17 (rapeseed) and median coefficients of variation of prices ranging between 0.08 (Extenso barley) and 0.17 (rapeseed). For barley and corn, price risk is significantly higher than yield risk. In contrast, price risk is significantly higher than yield risk in sugar beet production. No significant differences between the coefficients of variation for yields and prices can be observed for wheat, rapeseed and potatoes 8 . Table 2 shows the results of the net revenue variance decomposition for the main crops produced in Switzerland. Wilcoxon rank sum tests are used to test whether yield or price risk is the main source of net revenue variability for the different crops (again, conventional and Extenso production is analysed separately). Note that the decomposition has been conducted at the farm-level (i.e. for each farm separately), and mean values across all farms are presented in Table 2 . Bold numbers indicate whether (the direct effects of) yields or prices have a significantly higher impact on net revenue variability. In addition, Figure 2 depicts the distributions of the estimated direct price and yield effects of the different crops across all farms. Wilcoxon sum rank and Ansari-Bradley tests were used to test for significant differences in the means and variances between the approximated net revenue variability (based on Equation 2) and the observed net revenues variability. Neither test indicated significant differences at the 5% level, showing that observed values are well approximated by the approach used and that decomposition results are reliable. Values in bold show if either yield risk or price risk is the main and significant (at the 5% level) source of net revenue variability. Significance testing is based on Wilcoxon rank sum tests. Note that we normalised the direct and first-order interaction effects by dividing the corresponding terms by the sum of all direct effects. Thus, all direct effects sum up to 100. The dots denote the mean values (see also Figure 2 show that net revenue variability of sugar beet and conventional wheat-producing farms is significantly more affected by price than by yield variability. Thus, the price effect significantly dominates the yield risk effect. In contrast, corn and barley (both Extenso and conventional) production are particularly affected by yield variability. No significant differences between the direct effects of yields and prices could be observed for Extenso wheat, potato, and rapeseed production. We find that the contribution of costs to the variability in net revenues is relatively small (Table 2) , with direct cost effects ranging from about from 2.4% (sugar beet) to 12.2% (conventionally produced barley) 9 . For all crops considered except potatoes, fertiliser and pesticide costs contribute much more to net revenue variability than seed costs do. For instance, for barley, rapeseed and conventional wheat production, fertiliser and pesticide costs contribute about 5% each to net revenue variability. In contrast, seed costs make up about 5% of net revenue variability in potato production, while the variability in fertiliser and pesticide costs are negligible.
Figure 1. Coefficients of variation of gross and net revenues and yields and prices in Swiss crop production
Decomposition of net revenue risk
The results for the first-order interaction effects (lower panel of Table 2 ) show negative (normalised) covariance terms for the price-yield relationship, which is in line with the results from other farm-level based studies (Antón and Kimura, 2009; Kimura et al., 2010) . The negative covariance between yields and prices indicates that an increase in yields is accompanied by a decrease in prices and vice versa. This negative relation between prices and yields implies a natural hedge at farm level, which reduces net revenue variability. This natural hedge is strongest for sugar beet production (reducing net revenue variance by 36%), followed by potato, corn and rapeseed production. For wheat and barley, the natural hedge is much lower. The -on average -smallest natural hedge effect has been found for conventional wheat (reducing net revenue variance by 6%). Note, however, that the covariance between prices and yields can be positive for some farms, even if average values across all farms are negative (see Figure 2c) . A detailed discussion of the levels of natural hedge in Swiss crop production is provided in Finger (2012b) . Table 2 shows, furthermore, that most of the normalised covariance terms between gross revenues and costs have positive signs. In addition, the interaction effects between the different cost components are positive. Following equation 2, this positive relation leads to a decrease in net revenue variability.
9 Note that the direct effects sum to 1 or 100 respectively as we normalized the direct and first-order interaction effects by dividing the corresponding terms by the sum of all direct effects as proposed by Burt and Finley (1968) . In summary, the results of the variance decomposition show that production costs are not the main source of income risk faced by Swiss crop producers. In contrast, the variability in prices and yields make up between 88% (barley) and 98% (sugar beet) of the variability in net revenues. Hence, an optimal portfolio of risk management strategies should address both yield risk and price risk. Furthermore, farms may ask for different risk management tools depending on the crops produced. The net revenue variability of sugar beet and conventional wheat production is significantly more affected by price than by yield variability. In contrast, the revenues of corn and barley production are more affected by yield variability. Under current market conditions, the natural hedge plays a substantial role in reducing revenue risk at the farm level (reducing net revenue variance by between 6-36%). This is especially true for sugar beet, potato, rapeseed, and corn production. In contrast, the natural hedge at farm-level is much lower for wheat and barley production.
Group comparison and logistic regressions
In order to analyse which type of farm could require either price or yield risk management instruments, we conduct group comparisons using Mann-Whitney tests and logistic regressions. Taking sugar beet as example, Figure 3 depicts how farms are grouped. The figure shows the direct yield and price effects estimated for each sugar beet farm in the sample by the variance decomposition approach at the x-axis and y-axis respectively. The dotted lines depict the mean over all farms for the direct yield and price effect respectively. Group 1 includes farms for which net revenue variability is mainly dependent on price variability, i.e. those farms facing higher-than-average price and lowerthan-average yield risk. Group 2 includes farms for which net revenue variability is mainly dependent on yield risk, i.e. farms facing higher-than-average yield and lower-than-average price risk. Observations in the top right and bottom left corner of the graph, i.e. those with inconclusive dominance of either risk source, are excluded for the group comparison and logistic regression analysis. Figure 3 . Groups of farms with on-average higher yield (price) risk measured by the normalised direct yield (price) effects -the example of sugar beet producers. Table 3 shows the results of the group comparisons. Not surprisingly, the coefficients of variation for yields (prices) are significantly lower for farms facing higher-than-average price (yield) risk than for those facing higher-than-average yield (price) risk. The differences in the coefficients of variation of price and yield variability, respectively, are significant for all of the crops considered. For farms facing higher price risk than yield risk (group 1) the coefficients of variation for prices range between 0.16 for conventional wheat and 0.32 for sugar beet production. High price variability was also found for potatoes (cv prices=0.28) and corn (cv prices=0.25). In contrast, yield variability was much lower for these farms. These results clearly show that farms differ with respect to the risk they face, independently of the crops they produce. For instance, while net revenue variability of conventional wheat production is on average more affected by price variability (as shown in Table 2 ) strong differences exist between farms. Furthermore, while the magnitude of yield and price variability differs significantly between the groups, this is not automatically true for net revenue risk. For instance, the revenue risk of barley producing farms facing high yield risk does not differ from barley farms facing high price risk. For both groups, the coefficient of variation of net revenues is about 0.30 for net revenues. However, in the case of wheat and rapeseed production, farms with high yield risk face also significantly higher net revenue risk than farms with high price risk. The opposite is true for root crops. Potato and sugar beet producers with high yield risk are those with significantly lower net revenue risk.
In general, Table 3 shows that farms facing higher yield risk than price risk (Group 2) have lower yields than farms facing higher price risk than yield risk (Group 1). The differences in yields are significant for all crops except corn and sugar beets. We compared groups also with respect to other proxies for intensity, i.e. fertiliser and pesticide expenditures. We find that farms facing high yield risk produce less intensively (i.e. have lower expenditures for fertiliser and pesticides) than farms facing high price risk 10 . The results, however, are only significant in the case of wheat and rapeseed production. Furthermore, Table 3 indicates that farms where price risks dominates (group 1), receive higher prices for their crops. This pattern was found for all crops except Extenso wheat and potatoes. Thus, producers generating higher price levels (due to higher quality levels) tend to face higher price risks than yield risks. For five of the eight considered crops, farm-level crop acreage is -on average -larger for those farms where price risks dominate. Differences are significant for Extenso and conventional wheat as well as for rapeseed. This finding underlines our expectation that farms with larger crop acreage face lower production risks, and thus, price variability is the important factor for these farms. Values in bold show significant differences between Group 1 (higher-than-average direct price and lower-than-average direct yield effects, i.e. price risk dominates) and Group 2 farms (higher-than-average direct yield effects than average direct price effects, i.e. yield risk dominates) at the 10% level.
To analyse the influence of these explanatory variables on farm classification jointly, we use logistic regressions. For each single crop (i.e. regression model), the independent variable takes the value 1 if the farm faces higher-than-average price risk and the value 0 if the farm faces higher-than-average yield risk. Due to multicollinearity problems, the variable fertiliser expenditure is not considered in the logistic regression model. To account for spatial heterogeneities, we included dummy variables for the farms' location (canton). Table 4 shows the regression results of the logistic binary response model. The estimates are presented as odds ratios with values above 1 indicating a positive and values below 1 a negative relationship to the odds of being exposed to higher price risk than yield risk. For instance, in the case of conventional wheat production (column 2), the interpretation is as follows: Holding all other variables constant, a one dt higher yield leads to a 1.09-fold increase in the odds that a farm is more exposed to price risk than to yield risk.
The results of the regression models show that for most of the crops considered, the level of crop prices (used as proxy for crop quality, see section 3.2) significantly affects the odds of a farm being more exposed to price risk than to yield risk. This is in accordance with the group comparison results. For instance, a 1 CHF higher price per dt of conventionally produced wheat increases the odds that a farm is more exposed to price risk than to yield risk by a factor of 1.11. The effect of the price level is also found to be significant for barley (conventional and Extenso) and sugar beet production, as well as for corn production (however, for the latter only at the 10% significance level). Furthermore, higher yields (used as proxy for production intensity, see section 3.2) also increase the odds of being more exposed to price risk than to yield risk. The effect is significant for Extenso barley, wheat, and rapeseed and potato production. The crop acreage is only significant for wheat production, where we find that an increase in the area under wheat increases the odds of a farm being more exposed to price risk than to yield risk. Regional-specific production conditions, captured by the variable canton, are significant for conventional barley and conventional wheat production as well as corn and rapeseed production. Spatial heterogeneity thus has no influence on farms' risk profiles for wheat produced according to the Extenso program requirements or for barley, potato or sugar beet production. 
Summary and Discussion
The aim of this paper was to assess what types of risks are most relevant in Swiss crop production, in order to derive conclusions about what types of risk management measures are required to cope adequately with income risk. To this end, we quantified the variability in net revenues due to prices, yields and costs for the six major crops produced in Switzerland. A variance decomposition approach was applied to FADN data from more than 3000 farms over the period 2005 to 2009.
We find that input costs, such as expenditures for fertiliser, pesticides and seeds, are rather stable in Swiss crop production and are therefore not the main source of net revenue variability. In contrast, both prices and yields contribute on average 88% (barley) to 98% (sugar beet) to net revenue variability. Thus, even though strategies to mitigate the impact of volatile input costs can probably reduce net revenue risk to a certain extent, they might not be of primary interest for Swiss crop producers. This means, for instance, an insurance strategy targeting gross revenues may be sufficient.
Because yield risk and price risk are dominant in Swiss crop production, management tools to address them seem to be most effective to reduce income risks in Swiss crop production. Thus, stakeholders and policy makers should focus on the development of risk management tools in these fields. However, our results suggest that the demand for either price risk or yield risk management strategies depends on the specific crop produced. For instance, sugar beet and conventional wheat production are significantly more affected by price risk, while corn and barley production are more affected by yield risk. Thus, non-uniform (i.e. crop-specific) strategies may be required to manage income risks of Swiss crop producers effectively. In addition, our results show that natural hedge plays a substantial role in reducing revenue risk at farm level. This is especially true for root crops (sugar beet and potatoes), rapeseed and corn. In contrast, the natural hedge is much lower for cereals. These results are in line with earlier research (e.g. Mahul, 2003) and might be explained by the fact that broader protections measures make Switzerland a rather closed economy for agricultural goods and that most of the crops produced in Switzerland are concentrated in a small area on the Swiss Plateau (e.g. Finger, 2012b) . The particularly strong natural hedge in potato production might be furthermore explained by the fact that potatoes are perishable crops, and storage is more difficult than for other crops; prices are thus directly influenced by supply and demand at harvesting (Pavlista and Feuz, 2005) .
The observed correlations between prices and yields for different crops have implications for the effectiveness of possible risk management instruments. In general, a weak negative price-yield correlation (natural hedge) for a certain crop implies that forward pricing by hedging in futures or by selling forward on the cash market is ceteris paribus more effective in reducing revenue risk than when a strong natural hedge exists (Harwood, 1999) . Hence, forward contracts and future markets might be valuable risk management instruments for Swiss cereal producers and only to a small extent for producers of root crops such as potatoes and sugar beet. Of course, even if the natural hedge were shown to be of relevance under current market conditions, it will likely decrease with further market liberalisation, as already shown for Swiss milk production (El . Nevertheless, the natural hedge should not be neglected in future risk assessments, as regional components (e.g. transportation costs) determine the interaction between demand and supply and thus risk, at least to a certain extent.
To investigate whether farm characteristics can be used to classify for a specific crop whether price risks or yield risks are more important, we used group comparisons and logistic regressions. These show that more intensively producing farms that are characterised by higher yields as well as higher expenditures for pesticides and fertilisers tend to suffer more from price risk, while yield risks are dominant for less intensive producers. Thus, the demand for yield and price management instruments is expected to differ not only between crops but also across farms and is dependent on the production intensity. A distinction of intensity levels may be based on farms' participation in the Extenso program. This is already used in practice as Swiss hail insurance adjusts hail insurance premiums of farms based on information about participation in the Extenso program 11 . Moreover, our results suggest that intensity levels that go beyond the information on program participation can provide even more information on the farms' risk profile. This is because in both groups (i.e. within the group of conventionally producing farms and within the group of farms that produce according to the requirements of the Extenso program), risk profiles differ with the level of production intensity expressed in expenditures for fertiliser and pesticide use. For some crops, regional differences in exposure to either price risk or yield risk were also observed and should be analysed in more detail in further research.
Moreover, our results show that even if farms differ with respect to price and yield risk, they might not be different with respect to revenue risk. For instance, barley farms facing high yield risk face similar net revenue risk as barley farms facing high price risk. In contrast, potato and sugar beet farms with high yield risk are those with significantly lower net revenue risk. These results suggest that risk analysis in agriculture should not focus on either price, yield or revenue risk alone, but should consider the interaction between the different risk sources as well as their contribution to overall risk. Furthermore, our analysis shows that the variability of prices, yields and revenues should be considered directly at farm level and for different crops, to better approximate the possible demand for different risk management tools. Information on the extent of risk coming from different sources is valuable for politicians to gain insights into the primary risks farmers face.
This study revealed some interesting information on current yield, price, cost and revenue risk in Swiss crop production using farm-level data from 2005 to 2009. The time period was chosen a) to balance between the availability of observations (i.e. the longer the period, the smaller the amount of farms to be included), and b) to allow for accurate variance estimates based on data that show neither structural breaks nor trends (e.g. due to policy reforms). While the decomposition results were shown to be robust for the time period considered (i.e. the estimated revenue variances do not significantly differ from observed revenue variances), longer time periods would increase the understanding of risk evolution due to e.g. policy changes and, given appropriate data, should be considered in further research. Analysis based on longer timer periods can reveal the underlying stochastic data generating processes, which cannot be detected across five years of observations. Based on the data used in this study, no predictions can be made for future scenarios in which boundary conditions may change (e.g. an increase in price variability due to liberalisation and changes in the natural hedge). Therefore, farmlevel programming or simulations models (e.g. Lehmann et al., 2013) should be used to address such questions. The results of this study can be used as basis for such modelling approaches and for further analysis of the viability of different risk management instruments under changing boundary conditions.
